Summary.-Urethane was found to be uniformly distributed in all the major organs of foetal, young and adult ICR/Jcl mice and then to disappear rapidly as measured by the incorporation of urethane-carbonyl-14C, thus permitting the accurate comparison of tumour susceptibility of cells in various organs of mice at different ages. Lung tumour frequency (tumours/lung) was significantly higher in mice treated with urethane when young (21 days old) and adult (63 days old) than in those treated in utero (Days 11-19 of gestation). When relative sensitivity of a lung cell was calculated as the ratio of average number of tumours per lung per mg of lung at the time of treatment, however, a lung cell of the foetus was more sensitive to urethane than that of the young and adult. Hepatomata were Induced significantly only when male foetuses and neonates were exposed to urethane. The offspring exposed to urethane on Days 11-16, however, developed hepatomata in lower incidence than those exposed on Days 14-19, whereas the previous investigation by the author revealed that Days 11-13 correspond to the stage most sensitive to hepatocarcinogenesis. This contradiction was due to the occurrence of testicular hypogenesis (chemical castration) in all offspring of the former group. Differentiating female gonad and rapidly proliferating blood vessels of the placenta and deciduum were also sensitive to tumour induction by urethane. Thus, high tumour susceptibility of rapidly proliferating and undifferentiated cells suggests that some initiating events in the process of carcinogenesis may occur during or after DNA replication. Leukaemia induction in the young mice, but not in the foetus, remains to be elucidated.
IT HAS BEEN reported by many investigators that a variety of tumours was induced in different strains of mice receiving different carcinogens at foetal, neonatal, young, or adult ages. In order to compare the sensitivity of a cell in an organ of mice at different ages, however, it is of utmost importance to know the dose of the chemical actually reaching the organ and also to know the difference between mice similarly treated at different ages. Urethane possesses the following characteristics: it distributes immediately and uniformly in all organs of young (Cividalli, Mirvish and Berenblum, 1965) and adult mice (Boyland and Rhoden, 1949; Bryan, Skipper and White, 1949; Berenblum et al., 1958) when given parenterally. Furthermore, the author found that urethane, unlike other carcinogens (Tomatis et al., 1971; Alexandrov and Shendrikova, 1972; Shendrikova et al., 1973) , can pass through the placenta freely at any stage of pregnancy (Nomura, Takebe and Okamoto, 1973) , thus facilitating accurate timing of foetal disturbances and accurate calculation of doses actually reaching the foetus, as in the case of X-rays. Utilizing these unique characteristics of urethane, it was demonstrated that tumour sensitivity of a lung cell in the developing mouse embryo was inversely proportional to the degree of differentiation (Nomura, 1974a, c (Nomura and Okamoto, 1972) .
Urethane. 2nd, 3rd, 4th, 6th, 7th, 14th, 21st, 28th, 35th, 42nd, 49th, 56th, 63rd , and 70th days after birth, and their organs (brain, thymus, lung, liver, spleen, right kidney, right testis, and right ovary) were weighed.
Radioactivity of 14C-labelied urethane.
Urethane-carbonyl-14C, 0-2 ptCi (0.568 ,ug)/g body weight (sp. act., 31-4 mCi/mmol, Department des Radioelements, France) was injected s.c. into newborns (within 12 h of birth), young females (21 days old), adult virgin females (65 days old), pregnant mice (on Day 15), and lactating mother mice (within 12 h post partum). These mice were sacrificed 1, 2, 4, and 6 h after injection, and alkali-labile 14CO2 in the blood, lung, liver, brain and uterus (placenta) of the young, adult virgin female, pregnant mice and their foetuses was measured by liquid scintillation counter following the application of the method reported by Cividalli et al. (1965) . For daily on the 21st to 26th days (young group) or on the 63rd to 68th days (adult group) after birth. Female mice also received a single injection of urethane at a dose of 1-5 mg/g body wt on the 21st or 64th day after birth. These urethane-treated mice were maintained on mouse diet CA-1 (Nomura, 1974b) , and sacrificed in the 40th-43rd week after treatment. The mice which died later than 30 weeks after urethane treatment were included in the effective number of animals because considerable numbers of mice in the young group died before sacrifice. For the experiment carried out to estimate tumour sensitivity of a lung cell, all animals were sacrificed on the 32nd week after treatment. Gross pathological lesions were examined for tumours and specimens were submitted to microscopic examination. Lung tumours were counted again after fixation in 20% neutral formaldehyde solution (Nomura and Okamoto, 1972; Nomura, 1974c) , and diameter of lung tumours was measured by a slide caliper. Relative sensitivity of a lung cell for tumour induction was calculated as the ratio of the average number of tumours per lung to the weight in mg of lung in the concurrent control group at the time of urethane exposure (Nomura, 1974a, c) . The weight of lung was used as a measure of the total number of lung cells (Nomura, 1974c) .
RESULTS

Growth of ICR/Jcl mice
Growth of these falls into 4 stages: i.e. foetal, neonatal, young and adult stages. All foetal organs grew rapidly until Day 17. Thereafter, growth rate decreased, and physiological weight loss was observed at birth. From 1-5 weeks of age, weight of whole body, lung, liver, kidney, testis and ovary increased exponentially (young stage), and thereafter the growth rate of these organs reached a stationary phase (adult stage). Reproductive activity of male and female mice appeared at 5-6 weeks. Thymus and spleen grew exponentially until 4 weeks of age. Their weight reached maximum at 5 weeks, and decreased thereafter. Brain weight reached its maximum at 7 days of age, and remained at that level ( Fig. 1) .
Distribution of '4C-labelled urethane
When urethane-carbonyl-14C was injected into the young, adult and pregnant mice, there was no difference in the level and half-life of urethane among all organs of the foetus, young, adult female (virgin) , and pregnant mice (Fig. 2 , Table I ). In the case of neonates, however, catabolic activity was approximately one tenth the rate of the young and adult (Table I) , as is the case reported by Mirvish, Cividalli and Berenblum (1964) . About 2-3% of the maternal concentration of urethane was detected in various organs of sucklings which were nursed by urethane-treated lactating mothers (Fig. 2 (Nomura, 1974b , in which radioactivity was measured by total-14C. ._ AGE RESPONSE OF TUMOUR SUSCEPTIBILITY Effects on survival rates
When urethane was given to the young mice, 46 of 61 mice died 100-300 days after treatment, owing to large thymic lymphomata and numerous lung tumours, and there was a significant difference in death rate from other groups (13 of 49 in the foetus, 11 of 54 in the neonate, and 18 of 56 in the adult, P < 0-01).
A variety of tumours was observed in mice receiving urethane via placenta, via mother's milk, or directly, as summarized in Tables 11-V.
Lung tumours
Lung tumours were induced significantly irrespective of the age of mice at the time of urethane treatment, and tumour frequency was significantly higher in mice treated at young and adult ages than those treated at foetal ages (Tables II and III) . However, relative sensitivity of a lung cell which was represented by the average number of lung tumours per unit mass of the lung at the time of urethane treatment was higher in the Day 15 foetus than in the young, and that in the young was also higher than in the adult (Table III) .
Furthermore, the average diameter of lung tumours was larger in the Day 15 foetus than in the young, adult, and controls (Table III) . Histologically, most lung tumours were papillary adenomata.* Adenocarcinomata were also observed after a single injection of urethane (Table III) . The ratio of number of adenocarcinomata to the total number of induced lung tumours was significantly higher in the group of the Day 15 foetus (7 of 162 tumours, 4-3%, P < 0X01) than in the group of the adult (3 of 450 tumours, 0 7%).
Hepatomata and testicular hypogenesis
Only male mice developed hepatomata in significantly high incidence, when foetuses and newborns were exposed to urethane (Table IV) . The incidence of hepatornata was higher in the offspring exposed to urethane on Days 14-19 than those exposed on Days 11-16. Hypogenesis of the testis (Fig. 3a, b) was encountered only in the latter group and not in the former group. As for the groups of the young and adult, there was no difference in the incidence of hepatomata from controls, although some mice of the adult group were sacrificed on the 55th week after treatment. Grady and Stewart (1940) , Kimuira (1971), and Nomura (1974c Ovarian tumour8 and ovarian hypogene8is
When urethane was given to pregnant mice on Days 11-16, female offspring developed hypogenesis of the ovary in significantly high incidence (Table V) . Rudimentary ovary showing no oogenesis was found by serial section (Fig. 4a) changes, and became recognizably testis and ovary (Fig. 5b, c) . Consequently, Days 11-13 correspond to the stage of differentiation into male and female gonads.
Leukaemias
Classification of induced leukaemias was performed following the classification of Dunn (1954) . Lymphocytic leukaemias were induced significantly in the group of the young, but not in that of the foetus, following urethane treatment (Table II) . Most leukaemias originated in the thymus.
Other tumours
Cavernous haemangiomata of the liver were observed significantly in both male and female mice in the groups of newborn, young and adult mice (P < 0-01, Table  II ). Cavernous haemangiomata were also induced in the uterus of mother mice treated with urethane during pregnancy (Table V) . A few were observed in the adult females which were maintained as virgins after urethane treatment. However, younger mice did not develop this tumour. Histologically, tumours originated in the endometrium (or deciduum) and invaded the serosal surface. Microscopic examination was presented in an earlier paper by the author (Nomura and Okamoto, 1972 (Larsen, 1947; Klein, 1952; Pietra, Rappaport and Shubik, 1961; DeBenedictis et al., 1962; Vesselinovitch and Mihailovich, 1967; Vesselinovitch, Mihailovich and Pietra, 1967;  Vesselino- Nomura, 1974a, c) (Table IVT) , becatuse it is well known that inci(lenice of hepatomata is suppressed by castration (Andervont, 1950; Grardnier, 1957 (Murphy, 1966 (Murphy, 1966 (Nomura and Okamoto, 1972) . This law will fit neurogenic tumours, which were induced in the offspring of some strains of rats receiving carcinogens during middle and late stages of pregnancy (Druckrey, Preussmann and Ivankovic, 1969; Swenberg et al., 1972; Tanaka, 1973) . High tumour susceptibility of a rapidly proliferating cell suggests that some initiating events in the process of carcinogenesis, such as misrepair of damaged DNA lesions (Kondo, 1975) , may occur during or after DNA replication. Lymphocytic cells in young ICR/Jcl mice are also sensitive to DMBA (Nomura, 1975) , but those in the foetus are not (Nomura et al., unpublished data) , as is the case with urethane (Table II) . The failure of leukaemia induction in the foetus, an exception to the rule described above, remains to be elucidated.
